Background {#Sec1}
==========

Systemic hypertension is a multifactorial and complex disease that is characterized by constantly high blood pressure (BP). It is associated with functional and structural changes in target organs (heart, brain, kidneys and blood vessels) \[[@CR1], [@CR2]\] and metabolic abnormalities, which also increase the risk of fatal and non-fatal cardiovascular events \[[@CR3]\].

Hypertension is a major modifiable risk factor for cardiovascular disease and one of the most important public health problems. As the BP rises above 115/75 mmHg, the mortality rate due to cardiovascular disease increases linearly \[[@CR4]\]. The exact relationship between the number of drugs taken and the control of hypertension are unknown, although data from the Anti-Lipid Lowering Heart Attack Trial (ALLHAT) study, which prospectively followed 40,000 patients, showed that 49% of patients had their BP controlled with one or two drugs; the other 51% required three or more drugs to achieve recommended targets \[[@CR5], [@CR6]\].

There has been a rise in the prevalence of hypertension in recent years due to the epidemic of obesity, increased longevity and the higher incidence of kidney disease in the population \[[@CR7]\]. On average, hypertension affects 30% of the adult population, that is, about 1.2 billion people worldwide \[[@CR8]\]. In Brazil, 14 population studies between 1994 and 2009 have shown insufficient BP control in about 19.6% of subjects \[[@CR9]\].

Resistant hypertension (RH) is characterized by the BP remaining above the recommended goal after taking three antihypertensive drugs with synergistic actions at maximum recommended tolerated doses, preferably including a diuretic, for at least 6 months, or on using four or more antihypertensive drugs even if the BP is controlled \[[@CR10]\]. True RH should be differentiated from pseudoresistance, which occurs due to non-adherence to treatment, inadequate BP measurements, inadequate doses of medications, inappropriate therapeutic regimens, or the presence of the so-called white-coat effect \[[@CR11]--[@CR22]\]. For the investigation and monitoring of RH, the First Brazilian Position on RH recommends that causes of pseudoresistance, secondary hypertension and the possible use of drugs and substances that increase BP should be excluded, and high BP measurements should be checked, with special attention being paid to adherence to treatment \[[@CR23]\].

The true prevalence of hypertension is unknown. In controlled randomized studies with thousands of hypertensive patients, approximately 25 to 30% of participants did not achieve the BP goal recommended by guidelines despite receiving three or more antihypertensive drugs; these studies included careful assessments of patient adherence to therapy and even ambulatory BP monitoring (ABPM), which identifies patients with pseudoresistance \[[@CR24]\].

However, observational data from the North American National Health and Nutrition Examination Survey (NHANES) collected in 2003--2008 showed that the prevalence of RH among adults diagnosed with hypertension was 8.9% and among adults on antihypertensive treatment, it was 12.8% \[[@CR18], [@CR20], [@CR25]\]. Similarly, a large population study in Spain (68,000 patients) found that the prevalence of RH was 14.8% among those treated for hypertension. Based on these recent studies, it is justifiable to say that the prevalence of RH is about 14% \[[@CR24]\].

RH is a difficult-to-manage clinical condition because of patients' failure to adhere to treatment, the physician's difficulty to adjust the medication due to genetic factors that hinder the effectiveness of treatment and due to medical inertia \[[@CR26]\]. The challenge lies in building an effective regimen in terms of blocking most of the implicated and individualized pathophysiological pathways according to patient profile, lifestyle, comorbidities and even financial limitations. In addition, the optimal combination should be well tolerated by the patient, with minimal adverse events to ensure long-term adherence to therapy \[[@CR27]\].

Interventions with three different classes of antihypertensive agents, including a diuretic at the ideal dose, are necessary to achieve target values of BP in resistant hypertensive patients \[[@CR10], [@CR15], [@CR20], [@CR27], [@CR28]\]. However, some resistant hypertensive patients, despite treatment with a three-drug regimen need at least four antihypertensive agents to gain adequate BP control \[[@CR11], [@CR13], [@CR29], [@CR30]\].

Regarding the recommendations on research priorities published by Professor Iain Chalmers, \[[@CR31]\] we can state that studies of the pathophysiology of RH emphasize persistent fluid retention, increased sodium sensitivity, excessive salt intake, hyperaldosteronism and a certain degree of renal dysfunction as common underlying causes that contribute to the hypervolemic state found in these patients \[[@CR15], [@CR28], [@CR32]--[@CR37]\]. On the other hand, RH patients may present different pathophysiological mechanisms in terms of etiology and so consistently demonstrated sympathetic nervous hyperactivity as evidenced by the measurement of 24-h urinary metanephrines, increased resting heart rate (HR) mainly during sleep, increased HR variability during 24-h spectral analysis with Holter monitoring, increased arterial stiffness inferred by pulse wave velocity and increased peripheral arterial resistance \[[@CR38], [@CR39]\]. These markers of increased sympathetic activity together with other factors, such as hyperaldosteronism and increased renin angiotensin activity \[[@CR40]--[@CR45]\], are mechanisms that maintain high BP.

A systematic research has already been performed to assess the benefits and harms of adding a new drug to the current triple-drug regimen for management of RH in adults versus continuation of treatment with triple-drug therapy alone. Charan et al. reviewed the pharmacotherapy for RH in adults \[[@CR27]\].

Finally, academic literature projects with similar designs but using other drugs have been published; for example, "Sequential nephron blockade versus sequential renin-angiotensin system blockade in resistant hypertension: a prospective, randomized, open, blinded-endpoint study" \[[@CR46]\]; and "True antihypertensive efficacy of sequential nephron blockade in patients with resistant hypertension and confirmed medication adherence" \[[@CR47]\].

However, a study of a Brazilian population and the use of other drugs not tested in these studies reinforces the importance of our study.

Pathophysiology of resistant hypertension {#Sec2}
-----------------------------------------

The mechanisms involved in the pathophysiology of RH are vascular smooth muscle tone and increased blood volume, intensified sympathetic system activity and hyperactivity of the renin-angiotensin-aldosterone system (RAAS) \[[@CR14], [@CR21], [@CR32], [@CR38], [@CR39], [@CR43], [@CR48], [@CR49]\].

Increased sensitivity to sodium appears to be the main factor in the pathophysiology of this syndrome, not only as it mediates the above mechanisms, but also as it explains, in part, the variability of therapeutic response in patients with RH \[[@CR34]\]. The RAAS is vital to the regulatory system that controls total body sodium, as are atrial natriuretic peptide factors and pressure receptors in the atria and kidney. Sodium and water retention can lead to resistance to antihypertensive drugs.

From the physiological point of view, both of normal subjects and hypertensive patients, BP is maintained by the continuous regulation of cardiac output and peripheral vascular resistance exerted at three anatomic sites: the arterioles, post-capillary venules (capacitance vessels) and the heart. A fourth anatomical site of control, the kidney, contributes to the maintenance of BP by regulating intravascular volume \[[@CR50], [@CR51]\]. The autonomic control of BP involves the baroreflex mediated by efferent fibers in the central nervous system acting on the heart and blood vessels; this activation regulates BP in tandem with humoral mechanisms with the activation of the RAAS \[[@CR52], [@CR53]\]. The BP is controlled by the same mechanisms in both normotensive and hypertensive subjects.

Regulation in hypertension differs from the regulation in healthy individuals as the baroreceptors and renal control systems of blood volume seem to set the BP at a higher level. Thus, identifying the contribution of blood volume and serum renin in maintaining BP levels could help tailor more effective hypertension treatment, whether by acting on the control of blood volume, the sodium balance, or by acting on the effects of the RAAS on the kidney \[[@CR12], [@CR28], [@CR35], [@CR50]\].

Sequential nephron blockade consists of progressive increases in sodium depletion. After the administration of a thiazide diuretic (chlorthalidone) and an aldosterone-receptor blocker, low doses of furosemide are administered and ultimately amiloride is prescribed to enhance the natriuretic effect \[[@CR46]\].

Blockade of the RAAS is to increase the effect of the angiotensin receptor-1 blocker (ARB). Therapy then requires sequentially adding an angiotensin-converting enzyme (ACE) inhibitor to reduce the levels of angiotensin (Ang) II by blocking its receptor and then administering a beta-blocker to decrease the elevated renin secretion due to both the ACE inhibitors and ARBs \[[@CR54], [@CR55]\].

Research questions {#Sec3}
------------------

The following research questions will be explored:Does sequential nephron blockade and dual blockade of the RAAS plus bisoprolol constitute good therapeutic options in the reduction of peripheral BP of patients with RH?Which therapeutic option is able to reduce the central pressure in resistant hypertensive patients?Does non-inferiority testing demonstrate that sequential nephron blockade has the same therapeutic efficacy as dual blockade of the RAAS plus bisoprolol?

Objectives {#Sec4}
----------

This study will compare two antihypertensive treatment regimens in RH patients at the Medical School in Sao Jose do Rio Preto. It aims to demonstrate the therapeutic efficacy of sequential nephron blockade compared to the dual blockade of the renin-angiotensin system plus bisoprolol in RH patients, and to assess the side effects and adherence to treatment over 20 weeks.

Methods/design {#Sec5}
==============

Study design {#Sec6}
------------

Allocation: randomized (blinding participants, personnel)

Intervention model: parallel assignment

Masking: none (open label)

Primary purpose: treatment

This is an open-label, prospective, randomized clinical trial (ClinicalTrials.gov, identifier: NCT02832973, registered on 18 July 2016). Two therapeutic regimens for RH will be compared: sequential nephron blockade and dual blockade of the RAAS plus bisoprolol. This study is being developed in the Medical School in Sao Jose do Rio Preto.

All participants are required to give written informed consent. The study participants are randomly allocated either to the sequential nephron blockade group or to the dual blockade of the RAAS group. All participants receive complete basic treatment.

Standard Protocol Items: Recommendations for Interventional Trials (SPIRIT) 2013 Checklist: recommended items to address in a clinical trial protocol and related documents, is available online for this manuscript (Additional file [1](#MOESM1){ref-type="media"}). The SPIRIT Figure for the trial is shown in Fig. [1](#Fig1){ref-type="fig"}.Fig. 1Sequential nephron blockade compared to dual blockade of the renin-angiotensin-aldosterone system plus bisoprolol in the treatment of resistant arterial hypertension: study protocol for a randomized controlled trial. Schedule of enrollment, interventions and assessments

Participants {#Sec7}
------------

We are recruiting trial participants as follows:Patients referred to the hypertension clinic by other sectorsRespondents to advertisements in newspapers and magazinesPatients who have received treatment at the undergraduate student treatment clinics of the Medical School in Sao Jose do Rio Preto

Inclusion criteria {#Sec8}
------------------

The inclusion criteria are as follows:Men and women aged between 18 and 75 years oldPatients with RH identified after treatment with three antihypertensive drug classes at maximum tolerated doses for at least 6 monthsThe eligibility criteria will follow those shown in the flowchart for the diagnosis of RH of the First Brazilian Position on RH (Fig. [2](#Fig2){ref-type="fig"})Fig. 2Flowchart for the diagnosis of resistant hypertension (RH) of the First Brazilian Position on RH

Patients will be analyzed during five visits at 28-day intervals over 20 weeks.

Exclusion criteria {#Sec9}
------------------

The exclusion criteria are as follows:Chronic renal failure with dialysis or creatinine clearance \< 40 mL/minCoronary artery disease -- unstable angina; recent myocardial infarctionAtrial fibrillation or atrioventricular blockContraindication or intolerance to the drugs that will be usedRefusal or failure to follow regimenSecondary hypertension

Randomization {#Sec10}
-------------

We generated the two comparison groups using simple randomization, with an equal allocation ratio, by referring to a table of random numbers. The study coordinator will organize and number the envelopes, which will be allocated in order of patient enrollment. We develop and monitor the allocation process to preserve concealment. We use sequentially numbered, opaque, sealed envelopes. The envelopes are opened sequentially but only after the envelope has been irreversibly assigned to the participant.

Eighty patients undergoing RH treatment with losartan (100-200 mg), chlorthalidone (25 mg) and amlodipine (5 mg) will be enrolled and randomly allocated to one of two groups:Forty patients will receive in addition to the basal therapy, spironolactone (25 mg), spironolactone 25 mg plus furosemide (20 mg), spironolactone plus furosemide (40 mg) and spironolactone (25 mg) plus furosemide (40 mg) plus amiloride (5 mg), sequentiallyForty patients will receive, in addition to the basal therapy, ramipril (5 mg), ramipril (10 mg), ramipril (10 mg) plus bisoprolol (5 mg) and ramipril (10 mg) plus bisoprolol (10 mg), sequentially

To achieve adequate participant enrollment to reach target sample size, we will use the written and spoken media to identify volunteers for the study.

Interventions {#Sec11}
-------------

Both groups will be analyzed in five visits at 28-day intervals over 20 weeks. Figure [3](#Fig3){ref-type="fig"} shows a flowchart of the selection of participants and interventions.Fig. 3Flowchart of the study

Randomization and follow-up {#Sec12}
---------------------------

### Protocol {#Sec13}

Patients will be analyzed in five sequential visits with 28 days between visits. Figure [4](#Fig4){ref-type="fig"} shows the flowchart of the study.Fig. 4Study design*V0*: week − 4 to week 0. All patients will remain under treatment with losartan (100--200 mg), chlorthalidone (25 mg) and amlodipine (5 mg)*V1*: week 0 to week 4. Individuals with BP \> 135/85 mmHg by ABPM will be randomized to one of the study groups*V2*: week 4 to week 8. Patients randomized to one of the study groups will receive 25 mg of spironolactone (SNB group) or 5 mg of ramipril (DBB group)*V3*: week 8 to week 12. Individuals with BP \< 135/85 mmHg by ABPM will continue using the same regimen. Subjects with BP \> 135/85 mmHg by ABPM will receive, in addition to their existing regimen, furosemide (20 mg) for the SNB group and ramipril (10 mg) for the DBB group*V4*: week 12 to week 16. Subjects with BP \< 135/85 mmHg by ABPM will continue on the same regimen. Individuals with BP \> 135/85 mmHg by ABPM will receive 40 mg furosemide for patients in the SNB group and 5 mg bisoprolol for patients in the DBB group*V5*: week 16 to week 20. Subjects with BP \< 135/85 mmHg by ABPM will continue using the same regimen. Individuals with BP \> 135/85 mmHg by ABPM will receive an extra 5 mg amiloride for patients in the SNB group and 10 mg bisoprolol for patients in the DBB group*VEnd*: week 20 to week 24. Blood samples will be drawn from all patients. Radial artery applanation tonometry and ABPM will be performed

Measurement of blood pressure including 24-h ambulatory blood pressure monitoring {#Sec14}
---------------------------------------------------------------------------------

The BP will be measured by the indirect method following the VI Brazilian Guidelines for the Treatment of Hypertension \[[@CR56]\].

ABPM and home BP measurements (HBPM) will be carried out as additional tools to investigate hypertension. Whenever possible, the measurement of BP outside the office is recommended for a definite diagnosis because of white-coat and masked hypertension. ABPM is a method that allows the indirect and intermittent recording of BP for 24 h while patients perform their usual activities during the day. BPs equal to or greater than 130/80 (mean 24-h ABPM), 135/85 (daytime) and 120/70 mmHg (nighttime) are considered abnormal \[[@CR57]\]. ABPM will be performed using the Mobil-O-Graph NG (I.E.M. GmbH, Cockerillstraβe, 69; 5222, Stolberg, Germany).

Monitoring requires patients to maintain their normal daily activities with the BP being measured automatically at 30-min intervals for an entire 24-h period according to the technical norms of the 5th Guidelines on Ambulatory Blood Pressure Monitoring. The systolic BP (SBP) and diastolic BP (DBP) will be obtained by ABPM with the mean values for the 24-h period, daytime and nighttime being considered for analysis. Patients with mean BP values ≥ 130/80 mmHg over 24 h, ≥ 135/85 mmHg during wakefulness and ≥ 120/70 mmHg when asleep will be considered RH. Pulse pressure (PP) will be calculated during the periods (24 h, daytime and nighttime) using the formula PP = SBP − DBP. The normal nocturnal dip will be defined as a drop of \> 10% in SBP from wakefulness to the period of sleeping.

HBPM, performed by the patient or other trained person, is an indirect record of the BP that involves three measurements using validated devices in the morning and three at night for 5 days at home or at work.

Anthropometric measurements {#Sec15}
---------------------------

Weight and height, measured by anthropometric scales, will be used to calculate the Body Mass Index (BMI) using the formula BMI = weight (kg)/height squared (m^2^). BMIs of 18.5 to 24.9 kg/m^2^ are considered eutrophic values, while individuals with BMIs of 25.0 to 29.9 kg/m^2^ are overweight and ≥ 30 kg/m^2^ are obese. The abdominal circumference, measured at the midpoint between the iliac crest and the lower costal margin, is the most representative anthropometric index of intra-abdominal fat and the simplest reproducible measurement. Values equal to or below 80 cm and 94 cm are considered appropriate for women and men, respectively.

Biochemical and imaging tests {#Sec16}
-----------------------------

Blood samples will be drawn from all patients at the first and last visits after fasting for 12 h to measure serum total cholesterol, high-density lipoprotein cholesterol (HDLc), low-density lipoprotein cholesterol (LDLc), very low-density lipoprotein cholesterol (VLDLc), triglycerides (TG), glucose, insulin, creatinine, sodium and potassium. The following values are considered the normal ranges: total cholesterol \< 200 mg/dL, HDLc \> 40 mg/dL for men and \> 50 mg/dL for women, LDLc \< 130 mg/dL and TG \< 150 mg/dL. The LDLc fraction is calculated using the Friedewald formula (LDLc (mg/dL) = TC − HDLc − TG/5 (for TG \< 400 mg/dL)). The diagnosis of diabetes is confirmed by two glycemic measurements ≥ 126 mg/dL after fasting for at least 8 h.

All patients will undergo electrocardiography, echocardiography, carotid Doppler ultrasound, ultrasound with Doppler of the renal arteries, stress testing and radial artery applanation tonometry (AT). Table [1](#Tab1){ref-type="table"} shows a summary of the key practical aspects of the study with all follow-up visits and requested examinations.Table 1Key practical aspects of the study with all the clinical visits and the requested examsVisitsV0V1V2V3V4V5V EndInformed consentXInclusion and exclusion criteriaXMedical historyXMedical evaluation/physical examination (BP measure)XxxxxxXRandomizationxCreatinineXXFasting glucoseXXGlycated hemoglobinXXPotassiumXXUric acidXXTotal cholesterolXXHDL-cXXTriglyceridesXXUrinary sodiumXXMicroalbuminuriaXXGFR estimationXXSpecific biochemistry testsXXABPMXXECGXXRadial artery applanation tonometryxXImages testsX*ABPM* ambulatory BP monitoring, *BP* blood pressure, *ECG* electrocardiogram, *GFR* glomerular filtration rate, *HDL-c* high-density lipoprotein cholesterol

Primary outcome measures {#Sec17}
------------------------

Office-measured SBP and DBP at week 20, an average of three measurements using an oscillometric device (Time frame: at week 20).

Secondary outcome measures {#Sec18}
--------------------------

Efficacy: office-measured mean blood pressure (MBP) at week 20, an average of three measurements using an oscillometric device (time frame: at week 20).

Efficacy: office-measured pulse pressure (PP) at week 20, calculated from an average of three measurements using an oscillometric device (Time frame: at week 20).

Efficacy: mean 24-h SBP and DBP at week 20 measured with an ABPM device (Time frame: at week 20).

Safety and tolerability: (Time frame: during the study).

During the study, BP will be evaluated every 4 weeks by office-measured BP measurement in order to detect hypotension) (Time frame: every 4 weeks).

Assessment of outcomes {#Sec19}
----------------------

Blood pressure (mean of three measurements by an automatic electronic device Omron HEM-711 DLX) and hemodynamic parameters (by Omron HEM 9000 AI device) will be measured in the office during follow-up visits.

In order to improve adherence to intervention protocols, we use drug tablet return and laboratory tests to monitor patient compliance.

Adverse events {#Sec20}
--------------

Analysis of safety-related data will be performed with respect to frequency of serious adverse events (SAEs) stratified by causality and intensity of morbidity in both treatment groups. Patients will be interviewed at each visit about the occurrence of any adverse events, including time of onset, duration and severity; all information will be recorded on a Case Report Form. The causal relation to the study drug and the intensity of adverse events will be evaluated by the investigators. SAEs must be reported to the Institutional Review Board and study sponsor by the principal investigator within 24 h after the SAE becomes known.

Laboratory adverse events, such as metabolic changes and glomerular filtration rate, will be analyzed at the final visit of patients.

Missing or dropout {#Sec21}
------------------

Participants will be registered with a phone number and address for further contact in case they miss scheduled visits.

Furthermore, all participants are requested to promptly report possible adverse events by telephone. Study participants receive telephone contact numbers from the study team at the time of inclusion (visit 0).

Withdrawal of trial participants {#Sec22}
--------------------------------

Participants can withdraw from the trial at any time for any reason without their medical care being affected.

Data already collected will continue to be used, and the patients will be asked if they are still willing to provide follow-up data. The reason for withdrawal will be documented whenever possible.

Application of washout? {#Sec23}
-----------------------

No washout period will be used.

Sample size {#Sec24}
-----------

Eighty eligible patients undergoing RH treatment with losartan (100--200 mg), chlorthalidone (25 mg) and amlodipine (5 mg) will be enrolled and randomly allocated into one of two groups.

Sample size calculation {#Sec25}
-----------------------

The site <https://www.stata.com/features/power-and-sample-size/> and Stata 11 program were used to estimate the sample size. The sample size was calculated at 36 patients per group (SNB versus DBB) considering an alpha error of 5%, statistical power of 80%, standard deviation (SD) of 8 mmHg, and maximum acceptable absolute difference of 6 mmHg (diastolic BP). However, considering a potential 10--15% dropout or loss to follow-up rate, 40 patients will be enrolled in each group. The difference of 5 mmHg (diastolic) has been achieved, on average, in clinical trials that have demonstrated the advantage of a drug over placebo or other non-pharmacological treatments in the prevention of major cardiovascular outcomes.

Statistical analysis {#Sec26}
--------------------

The *t* test or Wilcoxon test for quantitative variables and the chi-square test and Fisher's exact test for qualitative variables will be used in the comparative analysis of the clinical characteristics of RH patients. Data will be expressed as means ± 1 SD.

The sample size was estimated at 72 individuals for an expected zero difference with a SD of 12 mmHg to demonstrate the non-inferiority of the strategy of sequential nephron blockade compared to dual blockade of the RAAS plus bisoprolol assuming an absolute difference of ≤ mmHg for systolic BP.

Non-inferiority will be evaluated for a one-sided 95% confidence interval (CI) estimated by a linear mixed model for repeated measures. *P* values \< 0.05 will be considered statistically significant.

Discussion {#Sec27}
==========

The aims of this study comparing two antihypertensive treatment regimens in patients with RH are:To demonstrate that the pharmacological treatment with sequential nephron blockade has the same antihypertensive efficacy as dual blockade of the RAAS plus bisoprolol after 20 weeks of active treatment of patients with RH.To evaluate the clinical and biological safety of sequential nephron blockade compared to dual blockade of the RAAS plus bisoprolol over 20 weeks of active treatment.To assess the side effects and adherence of sequential nephron blockade compared to dual blockade of the RAAS plus bisoprolol over 20 weeks of active treatment.

Trial status at the time of initial manuscript submission {#Sec28}
---------------------------------------------------------

At the time of manuscript submission, 50% of participant recruitment had been completed.

Estimated enrollment: 80 including estimated 10% loss to follow-up.

Study start date: September 2014.

Study completion date: December 2017.

Work in progress, still recruiting, not finalized. To date we have 61 patients included.
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